Abstract. The MCNP6 and MCNPX calculations for the GIT-12 device in Tomsk were performed to determine the infl uence of the gas-puff hardware on the neutron emission anisotropy and the neutron scattering rate. A monoenergetic 2.45 MeV neutron source and F1 and F6 tallies were declared in the simulation input. A comparison between MCNP results and the measured data was made. Differences between MCNPX and MCNP6 output data were investigated. In the experiment, two nTOF scintillation detectors with the Bicron BC-408 scintillator were used to measure the neutron waveform. Four bubble BD-PND detectors were used to estimate the amount of neutrons in different places around the neutron source.
Introduction
At present, there is a growing interest in pulsed fast neutron sources which may be useful in various applications like radiobiology, nuclear medicine or radiation material science [1] . Since there is need for a repetitive neutron sources, the deuterium Z-pinch became a more remarkable subject of research than in the past, when it mainly served as an effective source of X-rays [2] . Apart from the greatest Z-pinch device -the Z machine with the neutron yield 4 × 10 13 [3] , there are several smaller but still quite effective deuterium gas-puff devices producing relatively large amounts of fast neutrons. One of them is the GIT-12 device, situated in Tomsk, Russia, which is able to produce more than 10 12 neutrons per shot. For neutron diagnostic purposes, the information about the amount of scattered neutrons at the location of the detector is of considerable importance. Such value is not easy to determine in experimental way, thus the MCNP program was chosen to estimate this quantity.
Experimental arrangement and simulation parameters
GIT-12 is a current generator working under a microsecond implosion regime, with an intermediate inductive storage of energy and a microsecond plasma opening switch [4] . At 50 kV of Marx charge voltage, it provides a current of 4.7 MA with the rise time of 1.7 s in short-circuit load [5] .
MCNP calculations of neutron emission anisotropy caused by the GIT-12 hardware
In GIT-12 measurements, personal neutron dosimeters provided the determination of neutron yield. The bubble detectors are presently the most accurate means of neutron dose estimation and they are sensitive neither to dose rate nor energy, which makes them an ideal tool for neutron yield measurements. The presented data come from experiments with the BD-PND detectors which were placed at four various angles and distances around the americium-beryllium source, emitting 10 6 neutrons/s. The detectors were irradiated for 62 hours. Due to this time scale, the total dose radiated to 4 solid angle might be regarded as isotropic.
In the MCNP calculations, a monoenergetic isotropic point neutron source of 2.45 MeV neutrons (the mean energy of the neutron of D-D fusion) was used. The F6 (the waveform of deposited energy in a specifi c cell) and F1 (the amount of neutrons crossing a selected surface) tallies were declared in the simulation input to obtain the needed quantities. Figure 1 and Fig. 2 illustrate the parts of the GIT-12 geometry which were implemented into the simulation.
Results

MCNPX simulation of the waveform in the axial probe
The simulation of the waveform of the deposited neutron energy in the scintillator material was executed for an axial detector located 10.12 m from the neutron source. The processes between the interaction of neutron with the scintillator and the output signal of detector were not included in the computer calculation (the contributions to the tally F6 time bins are scored immediately after interactions between the neutron and the matter), thus, before a comparison with the experimental data, the MCNPX result was convoluted with the signal of the radial probe, which is considered to be unaffected by neutron scattering [1, 6] . Figure 3 shows the computed waveform and both the radial and the axial signals from the detectors.
The MCNP waveform is of very similar shape as the measured axial signal, hence there is probably a signifi cant correlation between the computer simulation and reality.
Infl uence of the GIT-12 hardware on the anisotropy of the neutron emission
The analysis of the infl uence of the GIT-12 hardware on the neutron anisotropy, a crucial piece of information which is needed for most of neutron measurements, was performed by a MCNP6 simulation where additional annular surfaces were implemented into the GIT-12 geometry and uniformly distributed around the neutron source [7] . The total amount of neutrons crossing each surface was observed. Figure 4 describes this situation. The tally F1 simulation result, which estimated neutron dose in the 48 surfaces (16 surfaces belonged to each of the three distances that are 0.9 m, 2 m and 4 m from the neutron source) is presented in Fig. 5 . The amount of neutrons crossing the surface in 0.9 m at angle of 90° was chosen as the reference number, and all the data (both calculated and experimental) were related to this value (measured quantities were divided by the PND value of 0.9 m and  = 90°). It should be noted that the number of the experimental results is quite low due to insuffi cient amount of the measured data.
The rate of scattered neutrons in a specifi c place is also of interest. It may be determined by the value of N/N 0 , where N is the total number of neutrons crossing the surface, and N 0 represents the un-scattered fraction contained in all N particles. The value of N 0 was obtained from a simulation in which all the geometry was removed, so there were no scattering elements between the source and the place of detection. The angular dependence of N/N 0 value is shown in Fig. 6 .
In directions represented by  greater than 90° and smaller than 270°, a relatively constant amount of neutrons is observed. The number of scattered neutrons also changes in this angular interval only by a slight amount. For  equal to approximately 70° or 290° there is a very small amount of neutrons compared to the other directions, but almost 100% of them are deemed to be un-scattered (especially for distances 0.9 m and 2 m from the neutron source).
This information may be useful primarily for the time-of-fl ight (TOF) diagnostics which requires the number of scattered neutrons entering the detector be as small as possible.
A comparison between the MCNPX and MCNP6 simulation results
For the GIT-12 neutron anisotropy calculations the MCNPX code was also used and compared with the MCNP6 results (Fig. 7) .
Both angular dependencies in Fig. 7 have a similar shape. In the angle interval from 70° to 290° they differ insignifi cantly, whereas in the remaining part of the graph the difference is more noticeable. Nevertheless, it is possible to regard the results as quite similar.
The differences between the two codes may be explained generally by the fact that the MCNP6 contains new physics, a different default behaviour and new or improved data compared to the MCNPX or the MCNP5. This means that particle trajectories computed in MCNPX may look different than trajectories generated by MCNP6, thus a different number of neutrons crossing the tally F1 surface may be obtained. The available overviews of the MCNP6, published by the LANL, consider the newer version of the code to be more reliable than the previous releases.
Conclusions
The credibility of the MCNP results for the GIT-12 device is supported by the similarity between the calculated waveform and the measured signal of the axial probe. It was found that the smallest amount of scattered neutrons is recorded at angles of approx. 70° and 290° with respect to the axial direction. At present the experimental data is too scarce to execute precise verifi cation of calculations for neutron anisotropy, but the values measured so far roughly correspond to the MCNP simulation outcome. The MCNP6 and MCNPX calculations give comparatively similar results.
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